Introduction

41
Iron oxides are the most abundant metallic oxides in soils (Schwertmann and Taylor, 1989) , 42 they are present in most soils and encompass oxides, oxyhydroxides and hydrated oxides. Fe-43 minerals are known to play an active part in the organic contamination fate as they represent 44 strong sorption surfaces for pollutants and they catalyze many important redox were extensively used in the 1980s to study coal weathering and its impact on coal heating 70 properties (Gethner, 1987; Calemma et al., 1988; Jakab et al., 1988 
80
Therefore, this study reported a first investigation on the role of iron oxide (goethite) on 81 PAC fate (including PAHs and O-PACs) during abiotic air-oxidation of contaminated soils.
82
Its aim was to determine which mechanisms were involved during this major process involved 83 in natural attenuation. Goethite (α-FeOOH) was selected because it is one of the most 84 thermodynamically stable and the most abundant iron (oxy)(hydr)oxide in natural 85 environments (Schwertmann and Cornell, 2007) .
86
Two sets of experiments were performed. The first one was conducted on extractable organic 87 matter (EOM) previously isolated from PAC-contaminated soils. Afterwards, EOM was 88 mixed with goethite or silica sand; the latter was used as inert support since its reactivity 89 towards organic compounds is limited (Ghislain et al. 2010 ). The second experiment was 90 performed directly on soils, raw or supplemented with goethite. These two sets allowed 91 investigating two levels of increasing complexity by studying the influence of an iron oxide 92 on the soil EOM, which could give more precise information on the involved mechanisms,
93
and on the whole soil including indigenous minerals, which is more complex but also more 94 realistic. Oxidations were performed at 60 and 100 °C, the latter allowing more advanced 
Minerals
108
The silica sand was Fontainebleau sand (180-500 µm, Carlo Erba) used as a non-reactive 109 reference in the EOM experiment.
110
Goethite (α-FeOOH) was synthesized according to Schwertmann and Cornell (2007) . respectively. It affected again mainly LMW PAHs, especially the 2-and 3-ring PAHs (Table   190 1, Figure S3 ).
191
Contrary to the Homécourt EOM/sand mixture, PAHs decreased notably (40%; Figure S6 ).
209
. For Homécourt soil, the CO2 production was higher when the raw soil was oxidized at 100 °C 215 and reached 7‰ of the TOC at the end of the experiment (Figure 1c) . The CO2 production 216 was much lower at 60 °C and reached less than 2‰ of the TOC. It was followed by the 217 Homécourt soil/goethite mixture oxidized at 100 °C whereas the same mixture produced 218 nearly no CO2 at 60 °C (Figure 1c) . 
224
It should be noted that a part of the generated gas could result from CO2 desorption from soil 225 solid surfaces (e.g. minerals, OM) over the soil thermal treatments, but this process may be 226 insignificant under our experimental conditions (Sumner, 2000) . 
EOM contents
228
Soil oxidations led to a decrease in the EOM contents (Figure 2b ). For both soils and 229 soil/goethite mixtures, it was more important at 100 °C than at 60 °C. This decrease was 
PAH contents
235
Oxidations induced a strong decrease in the PAH concentrations for both soils. It was more 236 important at 100 than at 60 °C and was maximum when goethite was added to the soil (92% 237 of decrease for both samples; Table 2 ). For both samples, the 60 °C experiments affected 238 slightly more HMW than LMW compounds, as shown by the increasing LMW/HMW ratios 239 (Table 2) . On the contrary, the 100 °C experiment induced a decrease in this ratio, indicating 240 a preferential loss of the LMW PAHs (Table 2 , Figures S7 and S8) . 
O-PAC contents 242
Overall, the soil and soil/goethite mixture oxidations induced a decrease in the O-PAC 243 contents. For the raw Homécourt soils, it was limited to 3% after the 100 °C experiment and 244 reached 12% after the 60 °C oxidation. This decrease was higher when Homécourt soil was 245 mixed with goethite and attained 18% and 41% after the 60 and the 100 °C experiments, 246 respectively (Table 2, Figure S9 ).
247
The abatement rates were higher for the Neuves-Maisons soil with 54% and 60% after the 60 248 and the 100 °C experiment on the raw soil, respectively. Goethite supplementation also 249 enhanced this decrease but the proportion of O-PAC abatement was similar for both 250 temperatures (71%; Table 2, Figure S10 ). Overall, goethite showed a high reactivity during the EOM oxidation as CO2 production and 257 the PAH degradation rate were enhanced by its presence. However, it should be noted that the 258 mineralization was of less importance because the amount of produced CO2 during the 259 experiment remained very low (< 7‰ of TOC).
260
To give a better insight into the main process involved in the reduction of the PAH and EOM interacts with oxygen to produce oxygenated species (McBride, 1987 improved by increasing temperature (Chidsey, 1991) . 
313
The goethite major impact was to reduce the CO2 production in the whole soil experiment 314 even if the CO2 amount remained very low in all investigated experiments (less than 7‰ and
315
4‰ of the Homécourt and Neuves-Maisons soils, respectively). This slight discrepancy "soil 316 vs soil/goethite" might be due to CO2 adsorption on goethite surfaces, but this process cannot 317 be quantitatively evaluated in soil complex systems (Russell et al., 1975 Figure S4 ). It is worthwhile noting that PAHs are known to be Maisons sample.
335
Difference of the initial sample composition also seems to influence the sample response to 
Summary and conclusion
345
In all experiments, oxidation led to (i) a decrease in PAH concentrations, (ii) a low production interacts with oxygen or oxygen-species yielding oxidized products.
354
As in EOM experiments, goethite addition to the whole soils affected OM oxidation, but in a an insoluble residue and therefore EOM stabilization.
359
These conclusions showed that goethite may play a part in natural attenuation of PAH 
